Ignatowski (1) showed in 1908 that in rabbits the prolonged feeding of foods of animal origin caused atherosclerosis of the aorta. He believed that the proteins were responsible for the intimal changes. It was subsequently found by Stuckey (2) and by Wesselkin (3) that only cholesterol-containing substances produced these arterial changes and it was finally determined that cholesterol was the essential constituent when Anitschkow and Chalatow (4) and Wacker and Hueck (5) produced atheromata of the aorta by feeding pure cholesterol in oll to rabbits. Later Aschoff and his coworkers (6) demonstrated that the anisotropic crystals deposited within the areas of intimal swelling and softening were cholesterol esters.
The similarity of experimental atheromata to those seen in humans was pointed out by various authors, especially Anitschkow (7), Aschoff (8) , Zinserling (9) , Klotz (10) , and Bailey (11) . It was recognized, as has been emphasized by Bailey (11) , that although the experimental atheromata are practically identical with those seen in man, constantly associated with the artificially produced lesions are fatty deposits in other tissues such as spleen, liver, and kidneys not usually accompanying atherosclerosis in man. Anitschkow (12) therefore fed to rabbits over long periods of time (about 2 years) diets containing small doses of cholesterol, producing only very slight or no hypercholesterolemia. At autopsy these animals showed atheromata but no deposits in the other organs.
M u c h additional work on experimental atherosclerosis has been done and numerous reports published from various sources, especially Russia, Germany, and this country. Historical reviews have been included in several of the older and more recent papers. Therefore, no a t t e m p t will be m a d e at this time to cover this phase of the subject and those interested are referred to the publications of Rickett (13) , D e w e y (14), Sch6nheimer (15), Bailey (11) , and C h u m a (16) .
Comprehensive descriptions of the intimal lesions as they occur in m a n and in rabbits following cholesterol feedings have been published • b y various authors, especially those already mentioned, and are so well known that we shall merely refer to them briefly. T h e lesions observed b y us were identical with those reported by these workers and m a y be described as follows:
Blocks were taken from the thoracic aorta, usually at the arch, and fixed in 10 per cent formalin. Celloidin sections were stained with hematoxylin and eosin, frozen sections with Sudan III and hematoxylin, and unstained sections, mounted in glycerol jelly, were e~amined with the polarizing microscope. In some instances paraffin sections were stained with Weigert's elastic tissue stain and counterstained with Van Gieson's stain.
Because this was a comparative study we classified the lesions into (1) early atheromatosis, (2) moderate, and (3) severe atheromatosis.
1. Early Atheromatosis.--These were the earliest changes observed. There were sparsely distributed swellings of the vessel waU which macroscopically appeared as punctate elevations on the intima. Microscopically they consisted of local thickenings of the intima in which were present large irregularly shaped cells occurring in one or several layers and containing a substance which stained with Sudan III, a small amount of which was anisotropic. The internal elastic membrane and the outer layers of the aortic wall showed no alterations at this stage.
2. Moderate Atheromatosis.--Macroscopically the lesions were more numerous and larger. Microscopically at this stage there was further thickening of the intima with an increase in the number of large irregular "foamy" cells. The internal elastic membrane was more prominent and showed some separation of its fibers. Within the media there was a small amotmt of fat-staining material which was anisotropic.
3. Severe Atheromatosis.--In severe atheromatosis the lesions extended over the greater part of the intimal surface of the aorta. Microscopically the intima was much more thickened and the large foamy ceils were still more numerous. Fibroblasts were visible. The Sudan-staining anisotropic material was more abundant both in the intima and media. There was much more separation of the elastic fibers at this stage.
More recent work by Murata and Kataoka (17) and by Chuma (16) has shown that castration tends to facilitate the development of atheromata after lanolin (cholesterol) feeding. Murata (18) reported further that thyroid administration to these rabbits inhibits atheroma formation.
Because of their susceptibility to the development of atherosclerosis rabbits have been used in these experiments. It has been possible also to produce the same changes in guinea pigs (Anitschkow and Chalatow (4), SchSnheimer (15) ) and in omnivorous animals, especially after castration (L6wenthal (19) ).
The possible occurrence of spontaneous atheromata in rabbits is of the greatest importance in this work. There are many factors which may be responsible for the development of the condition, notably, age of the animal, hygienic conditions, previous infections, and diet. The frequency of spontaneous atherosclerosis has, therefore, been observed and commented upon by various authors. The findings, however, have been in wide disagreement. For example, Miles (20) found 17 out of 49 rabbits to have spontaneous atheromata while Steinbiss (21) could find none in 500 rabbits examined. Accordingly van Leersum (22) in 1914 tabulated the findings of various authors up to that time. Of 1937 rabbits examined spontaneous lesions were found in 49 instances. In addition to these Ophiils (23) has reported none present in 50 rabbits while Weinberg (24) found up to 9 per cent of 692 rabbits to have spontaneous atheromata.
Therefore, it is of the greatest significance that all the rabbits used in the experiments reported in this paper were of known age, were born and reared in this laboratory, lived under practically identical conditions since birth, and were apparently healthy and vigorous when selected for the experiments. Furthermore, it is noteworthy that of more than 250 rabbits which came to autopsy in this laboratory, a number of them litter mates of the rabbits used in these experiments, and which were examined for atheromata, only 1 had spontaneous lesions in the aorta. This rabbit had long standing snuffles and showed extensive chronic pulmonary disease at autopsy.
Cholesterol has been administered in various forms for the production of hypercholesterolemia and atherosclerosis. It has been given in pure form by intravenous injection in sesame oil (Adler (25) ), emulsified with sodium oleate (Klotz (10)), intraperitoneally in aqueous emulsion (Dewey (14)), and by feeding cholesterol-containing substances such as egg yolk, brain substance, dried liver (Anitschkow (7), Stuckey (2), Steinbiss (21), Bailey (11) , and others). Lanolin (adeps lana~ hyd.) first used by Kon (26) , contains cholesterol in large quantities and has been found to be an excellent means for introducing this substance into the body by feeding.
In a previous series of experiments (unpublished) we used the aqueous emulsion described by Dewey (14) intravenously and intraperitoneally but with unsatisfactory results. In the experiments herein reported we fed the lanolin in oil in addition to the regular laboratory diet of alfalfa hay, oats, and vegetables. The dose of lanolin used by us was 4 gm. daily in 12 cc. cottonseed oil. The mixture was heated to about body temperature and fed by pipette.
As has already been pointed out it has been found that cholesterol plays an essential r61e in the formation of experimental atheromata of the aorta. We have, therefore, studied some of the factors which are believed to influence the metabolism of this fatty substance and upon which might depend its abnormal deposition within the intima of the aorta. It is the purpose of this paper to present evidence to show the influence of feeding lanolin in oil on the production of experimental atherosclerosis in (1) normal rabbits, (2) thyroidectomized rabbits, (3) gonadectomized rabbits, (4) splenectomized rabbits, and (5) suprarenalectomized rabbits. ~ In this report are included only the 44 animals which lived over 25 days. We excluded from the series 10 rabbits which died of marasmus due to toxicity of cottonseed oil and 4 which died of acute suprarenal insufficiency.
1. Normal Rabbits.--We found that rabbits with all organs intact sacrificed after 110 days of feeding with lanolin in oil showed early atheromata in the aorta. 3 rabbits sacrificed after 90, 95, and 100 days of the feeding respectively showed no atheromata. The others, killed after 110 days or longer, all showed atheromata.
2. Gonadectomized Rabbits.--Confirming Kon, Murata, and Chuma, we observed that gonadectomized rabbits developed atheromata more 1All operations were performed under ether anesthesia.
readily than those with all organs intact. Mter 50 to 60 days of feeding with lanolin the castrates showed early atheromata. There were 2 exceptions: 1 sacrificed after 50 and the other after 90 days showed no atheromata. 3. Splenectomized Rabbits.--Mter 50 to 60 days of feeding with lanolin in oil the splenectomized rabbits showed early and moderate atherosclerosis. The lesions were more extensive than those seen in the castrated animals which were fed over equal periods of time.
moderate atheromata after 40 to 50 days and severe atheromata after 70 days of feeding with lanolin. This group was the most susceptible.
Suprarenalectomized Rabbits.--lO doubly suprarenalectomized
rabbits were used. Of these 1 was also thyroidectomized and 3 splenectomized. Of the first 6, 5 were fed between 85 and 100 days. None of these showed atheromata. The remaining one was sacrificed after 110 days of feeding. Early atheromata were present. The thyroidectomized and suprarenalectomized rabbit was fed 50 days. The aorta was free from atheromata at autopsy. Of the 3 splenectomized and suprarenalectomized, 1 fed 45 days on lanolin showed early atheromata. At the same time, for controls, 1 thyroidectomized and splenectomized rabbit was fed 50 days and 2 gonadectomized and splenectomized rabbits were fed 100 days. At autopsy all 3 showed severe atheromata of the aorta. DISCUSSION. We find, as have others, that deposition of cholesterol or cholesterol esters within the intima of the aorta initiates the cellular alterations which result in the formation of atheromata. We have readily produced it experimentally in rabbits by inducing prolonged alimentary hypercholesterolemia. We find further that thyroidectomy, splenectomy, and gonadectomy each facilitate and accelerate the development of this condition within the aorta. The thyroid-deficient rabbits are most susceptible and the splenectomized group are slightly more susceptible than the castrates.
The question arises: Why does removal of the gonads, the spleen, or the thyroid facilitate the development of experimental atheromata? In the case of the spleen we may be eliminating a possible storehouse for excess cholesterol because it sometimes undergoes very marked enlargement in the presence of prolonged lipemia. This is well illustrated in experimental lipemia and clinically in Gaucher's disease and in some cases of diabetic lipemia (1, 27, 5, 15, 28, 29, 30 , and others). The relation of the spleen to the reticulo-endothelial system and its function in both the destruction of old red blood ceils and the formation of new erythrocytes emphasizes the possibility that the spleen not only stores cholesterol but also utilizes it. Thus also it has been found that splenectomy alone is followed by hypercholesterolemia (31) (32) (33) (34) (35) (36) (37) (38) (39) .
Concerning the relation of the gonads to cholesterol metabolism very little is known. Their removal, however, may give rise to a slight hypercholesterolemia (40, 41) . Certainly they do not store the fatty substance in any appreciable amount although the interstitial cells may appear more prominent in prolonged hypercholesterolemia. To what extent cholesterol is utilized in ovarian or testicular function still remains to be demonstrated. Clinically, menopause cases are said to show a tendency to develop hypercholesterolemia (42) . One other possibility deserves emphasis, however, namely, the interrelation of the sex glands with the thyroid. It appears that a synergistic functional relationship operates between the gonads and the thyroid. For example, gonadectomy may cause a slight drop in heat production and even involution of the thyroid (43) (44) (45) (46) (47) (48) (49) . Also, it is known that at those periods when the sex glands are the seat of both physiological and morphological alterations (puberty, pregnancy, climacteric) the thyroid may likewise undergo striking changes, sometimes to pathological extents so that exophthalmic goiter, simple goiter, or myxedema (Gull's disease)may result. In all probability, therefore, the importance of the gonads in cholesterol metabolism is dependent upon the interrelationship which exists between the sex glands and the thyroid (46, 50) .
The thyroid on the other hand plays what appears to be an essential r61e in the metabolism of the fats and fat-like substances, including cholesterol. Exactly what processes in the burning of fats are dependent upon the presence of thyroxin for their completion cannot be stated at the present t i m e . There is good evidence, however, that high fat diets cause increased thyroid activity. Indeed, unless iodine is administered to prevent it, thyroid overgrowth soon results. This has been amply illustrated in the work of Marine and Lenhart (51), McCarrison (52), the Mellanbys (53), and ourselves (54) . We have observed further that such thyroid insufficiency produced by feeding neutral fat (cottonseed oil) over long periods of time is accompanied (after 60 days or longer) by hypercholesterolemia and that this increase in the cholesterol content of the blood is directly proportional to the degree of thyroid insufficiency (i.e. hyperplasia) (55) .
We find that thyroidectomy in rabbits facilitates and accelerates the deposition of cholesterol and the development of experimental atheromata. The reason appears to be that thyroid-deficient animals are less able to oxidize fats and fatty substances (cholesterol) than normals. Marked hypercholesterolemia, cholesterol deposition, and, in turn, consequent atheroma formation result. In direct accord with this is the old and well known clinical observation that thyroid-deficient animals and man are very prone to develop hypercholesterolemia and atheromatosis (56-61, and others) .
At this juncture it should be pointed out that since iodine is indispensable for thyroid function the beneficial effects known to follow the prolonged administration of iodides clinically in atheromatosis and atherosclerosis may be dependent upon the influence that such iodine compounds have upon thyroid activity. There is some evidence that the cholesterol content of the blood can be lowered by the administration of thyroid or iodine (62) (63) (64) . Marine has demonstrated clearly the effects of small (physiological?) doses of iodine upon thyroid hyperplasia. It seems, however, that large or massive doses of iodine may give rise to additional and important reactions. This is the subject of some investigations now being conducted.
Our evidence indicates that sublethal suprarenal insufficiency does not aid in the deposition of cholesterol and the development of experimental atheromata.
The suprarenalectomized rabbits which we used had recovered from the acute insufficiency following the removal of at least one and threefourths glands and were well compensated during the subsequent experimental period. That they suffered from varying degrees of suprarenal insufficiency was indicated by the fact that they showed at autopsy some lymphoid overgrowth involving both thymus and lymph nodes and very large hyperplastic thyroids, in 3 instances 8 to 10 times the average normal size. Complete double suprarenalectomy was not done in all cases. A fragment of one gland was left behind purposely in 4 of these animals. Thus, we found that rabbits in a state of sublethal suprarenalinsufficiency were not more susceptible to the development of atheromata of the aorta following the feeding of lanolin than rabbits with all organs intact. These findings confirm indirectly the observations of Baumann and Holly (65) . In 4 in-stances (1 thyroidectomized and 3 splenectomized) we obtained evidence which suggests that such a state of suprarenal insufficiency may exert an inhibitory influence upon the development of experimental atherosclerosis.
Apropos of this it might be mentioned that atherosclerosis is rare in individuals with lymphatism, status thymicolymphaticus, and similar conditions characterized by lymphoid overgrowth. A constitutional anomaly of similar nature seems to result in animals in which a state of sublethal suprarenal insufficiency has been experimentally produced (66) .
All this evidence indicates that conditions which are accompanied by long standing hypercholesterolemia cause or facilitate the deposition of cholesterol within the intima of the aorta. This, we find, as have numerous other workers, initiates the formation of experimental atheromata.
In these experiments with lanolin feeding there was no hypertension (67) . The blood pressure readings were determined by the method described by Anderson (68) . In other words, we find that experimental atheromatosis in rabbits may develop in the presence of normal blood pressure.
However, we do not maintain that prolonged hypertension when present may not alter the arterial wall so that atheromatosis results. The same applies to other mechanical influences such as forces of pulling and dragging, and of wear and tear, the effects of which are seen so frequently in man in later life (Aschoff (69) ). Our findings indicate that the deposition of cholesterol within the intima of the aorta initiates the formation of atheromata and any condition (hypercholesterolemia, mechanical forces, etc.) which predisposes to such precipitation thereby predisposes to the development of atheromatosis. This is in agreement with the findings of Aschoff and of Wacker and Hueck.
S U M M A R Y .
Alimentary hypercholesterolemia acting over a sufficient period of time (in rabbits with all organs intact, 110 days or longer) causes deposition of cholesterol within the intima of the aorta. Deposition of cholesterol within the intima of the aorta initiates the formation of experimental atheromata. Thyroidectomy, splenectomy, and gonadectomy augment hypercholesterolemia and thereby facilitate and accelerate the development of experimental atheromata of the aorta in rabbits. Sublethal suprarenal insufficiency does not increase the susceptibility of rabbits to the development of such atheromata.
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